Context. The magnetism in the quiet regions of the solar photosphere carries information on the dynamo processes and its interaction with the convection of the outer layers of the sun. Unfortunately, the scales of the magnetic structures on these regions are mostly unresolved. It is therefore instrumental to tell apart the intrinsic field strengths in those regions from the flux through the resolution element. This disentanglement has been far from obvious, leading to opposing views of the magnetic topology in the unresolved structures of the quiet Sun. Aims. Our study contributes to the disentanglement of field strength from flux in the quiet Sun, at least, through the use of new observational constrains in the form of spectropolarimetry of Mn i lines observed in the solar spectrum. 
Introduction
It has long been assumed that the photospheric network, the most readily accessible region of the quiet Sun may be made of small concentrations of kG fields, at least in the main magnetic cores (Muller 1983) . However there is a long-standing discussion about the distribution of field strengths in the internetwork, where the signals have only recently been at reach of spectropolarimetric instruments. The controversy may be broadly preponderance of field strengths in the range of the equipartition fields at 300-500 G (Lin 1995; Lin & Rimmele 1999; Khomenko et al. 2003) . The large effective Landé factors of those lines (g eff = 3 and 1.45) and the long wavelength at which lines are found (the Zeeman splitting divided by the Doppler broadening being proportional to wavelength) would make the field strength measurements through them trustable, although perhaps more sensitive to the weaker component of the field distribution in the resolution element (Socas-Navarro & Sánchez Almeida 2003) . On the other hand, the readiness of the pair of Fe i lines at 630 nm and their strong polarimetric signals have resulted in successful and long-tested inversion codes that can cope with the full line formation in a magnetized plasma. The lines are also formed in similar enough conditions that one is tempted to just use line-ratio techniques (Howard & Stenflo 1972; Stenflo 1973) to infer field strengths (Domínguez Cerdeña et al. 2003; ). Both analysis, and in this work we shall confirm it, result in a predominance of kG fields. Nevertheless the particularities of the observation of the Stokes profiles are such (very low signals, very weak magnetic fluxes, mostly absence of any signal in Stokes Q and U, small filling factors for measurable magnetic fields) that they do not allow the use of inversion codes straightforwardly and many authors have consequently restrained from doing it (e.g. Lites 2002) .
Recently there has been some numerical work (Martínez González et al. 2006a,b; Collados 2006) giving good reason to those works and showing that, in those conditions the Fe lines at 630 nm mostly lack of any information on the field strength. The result of any inversion process will be therefore unconstrained by the observables but will rather depend on the implicit biases of the inversion algorithm. Most of those algorithms tend to fix in one way or another temperatures first, since the final profiles depend too strongly on temperature, a fact that often masks the response of the lines to the magnetic fields if left unchecked (Ruiz Cobo & del Toro Iniesta 1992) . The cited works show that invariably in quiet Sun conditions, once the thermodynamics fixed, the only path towards an acceptable fit goes through high field strengths. But conversely, if the magnetic field is forced to weak field strengths, the thermodynamic parameters adapt to that fact and identically satisfactory fits are produced with weak fields. Clear as it may appear, the number of cases that can be proposed for test is so big that it is difficult to be conclusive just on numerical tests.
To clarify this situation more observables are desirable. We found the Mn i line at 553.7 nm to be particularly suited to this since it produces a direct observable feature related to field strength like the near-IR lines, but it is placed at visible wavelengths and shares similar continuum and line formation process with the Fe i lines in the visible.
In the following sections, we should first handle the Fe lines data as usual, applying inversion codes and inferring field strengths. In Sect. 3 we shall compare the results from the inversion, and the Fe profiles themselves with the Mn line to see where do they agree and where they do not. The conclusion of the comparison, which will be discussed in the last section, confirms the numerical tests on these Fe i lines in the sense that they do not seem to carry binding information on the magnetic field strength. The Mn line results in field strengths which agree mostly with the near-IR general results in terms of field strengths.
Observations
On June 21st, 2005 we observed the quiet Sun at disc center with the THEMIS MTR mode in 5 spectral domains simultaneously. The setup was such as to provide us with a noise level of 2 × 10 −4 the continuum intensity (I c ). This noise level allowed us to reach the weak magnetic signals in the photospheric internetwork, in particular for the Mn i line. We also observed simultaneously the pair of Fe i lines at 630 nm.
These lines produce stronger signals (almost one order of magnitude bigger than the Mn line for the same magnetic flux). The slow modulation cycle of the present THEMIS polarimeter results in a high-risk of seeing-induced crosstalk so we were forced to use a beam-exchange technique and correlation of signals in the continuum to discard any profile at risk of being polluted by crosstalk. This process came at a price in photons and, despite having collected enough photons per pixel to go beyond 10 −5 I c , we ended up with the stated 2 × 10 −4 I c noise level. The data can be seen in Fig. 1 . They consist of a long time series (5 min, to be compared with granular lifetimes) with fixed slit position over a supergranule 10 arcsec to the north of disc center embedded in the region showed in Fig. 2 , coming from a scan of the region made a few minutes later. The slit was 15.5 arcsec long and 0.5 arcsec wide. The image was sampled with 0.25 arcsec per pixel.
A second scan made a few minutes later serves the purpose of placing spatially the time series data in the supergranulation background (Fig. 2) . This scan was made with low polarimetric sensitivity (2 × 10 −3 I c ) for the sake of speed. The region covered by the fixed slit in the time series can be seen to cover a patch of magnetic network in the bottom part and the intranetwork for the middle and upper parts of the slit. The predominance of the positive polarity in the whole supergranular cell can be ascertained from this scan as well. (Ruiz Cobo & del Toro Iniesta 1992). The physical parameters needed to compute the absorption matrix are specified in the model atmosphere which is discretized in the equally spaced logarithmic scale of the continuum optical depth at 500 nm. At each grid point the temperature, microturbulence, line of sight velocity and the magnetic field vector are specified. The model atmosphere is completed with a set of depth-independent parameters: the macroturbulent velocity, the stray light contamination and the filling factor.
The inversion of Fe I λλ630 nm
A two component scenario is assumed to reproduce the observed Stokes I and V profiles: a magnetic atmosphere covering some surface portion and a non magnetic one filling up the rest of the space. The lack of conspicuous linear polarization signals in the observed data allows us to set the magnetic field vector to be vertical in the inversions for the sake of simplicity. Some constraints are applied to the atmospheric physical quantities in order to obtain reliable data inversions. Magnetic field strength and microturbulent and line of sight velocities are supposed to be constant along the optical depth axis. The macroturbulent velocity is furthermore constrained to be the same for both atmospheres. Temperature gradients have enough degrees of freedom to independently cool or heat different atmospheric layers (5 nodes were left for the temperature so that it was able to reproduce thermal structures along the line of sight, the magnetic parameters had, on the other hand, just 1 node, i.e. they were constant). Under these conditions, we carried out two different inversion schemes. In the first one, we fixed the temperature to be the same both in the magnetic and in the non magnetic components. In the second one, we left them vary individually. Both procedures were initialized with a filling factor of 2% and a magnetic field strength of 500 G.
The magnetic field strengths recovered from the two previous inversion schemes are plotted in Fig. 3 as crosses and diamonds. Both evidence the presence of ubiquitous kG field strengths at quiet Sun regions, having slightly higher values when fixing the temperature gradients for both components.
From the work by Martínez González et al. (2006a) , one also concludes that since the lines do not have information on the magnetic field strength, solutions with weak magnetic fields should also be a valid solution to the inverse problem. To test this, we repeated the inversion, this time with a very weak field (300 G) as initial condition. Also, we fixed this value until the code had almost converged, and released the magnetic field strength as a free parameter to finish the convergence. The temperature stratification was kept as free parameters and independent in both components. The results are shown in Fig. 3 (dots) . In this plot one can directly compare the retrieved field strengths with those of the previous inversion, also with temperatures free to vary in both atmospheres (crosses). The most important fact is that both solutions are completely valid as can be seen in Fig. 3 . The standard deviations (σ) of the difference between the observed and fitted profiles in both inversion procedures are plotted one vs. the other. They turn out to be equal. This is further illustrated in the particular example shown in Fig. 4 . The two inversions led to 1221 G and 300 G respectively, but the solution profiles are identical. And while the magnetic field strength greatly differs in the two inversions, the inferred magnetic flux is the same for both. The conclusion is that we cannot distinguish between 300 G and 1200 G in our data, but we can still trust the inferred magnetic flux. Whatever the magnetic field strength effects are on the profiles, they are compensated by small changes in the magnetic temperature gradient and a slightly higher magnetic microturbulent velocity. profile at fields below 600 G shows an anomalous spectral feature between the two main Zeeman lobes. Such a feature disappears when the atom enters into Paschen-Back regime, thus recovering the profile its usual antisymmetric shape. Recently López Ariste et al. (2006) have observed that line in the photospheric network and internetwork and used the presence or absence of such a spectral feature to identify the predominance of intrinsically strong (above 800 G) or weak (below 600 G) fields in the observed regions. In a further step they proposed a toy model of a 2-component field topology, with one component at 1500 G and a second one at 325 G, and used the ratio of the anomalous spectral feature amplitude to the main Zeeman lobe amplitude to infer the filling factors of both components. The result was that whenever the anomalous feature was present the strong field occupied surfaces at most one order of magnitude smaller than the weak fields. We shall mostly rely on these arguments for our present comparison.
In Fig. 5 we have selected for illustration three cases from the observations and whose simultaneously-measured Fe profiles were inverted as shown in the previous section. We shall use the results of the inversions with unrestricted field strength presented in the previous sections, since they are representative of the results traditionally quoted in the literature for the field strengths of the quiet Sun. The profiles are co-spatial 2 and an average has been made over four pixels to increase the S/N ratio in the benefit of the weaker Mn line. The leftmost profiles correspond to the bottom 1.25 arcsec of the slit. The Fe i lines at 630 nm are fully saturated with an amplitude ratio very close to 1. The Mn i line shows a clear antisymmetric shape corresponding to an atom in the Paschen-Back regime and therefore above 800 G of intrinsic field strength in rough agreement with the value of 1200 G from the inversion of the Fe lines. The measured magnetic flux (see Fig. 7 ) falls in the range of 50 to 90 Mx/cm 2 depending on what line of Fe is considered for the measurement 3 . Such fluxes correspond to the photospheric network, where with widespread acknowledgment, strong kG fields are to be expected.
The rightmost profiles show the opposite case. They are picked from the upper part of the slit (13 through 15 arcsec). The Fe lines fall to a ratio of Stokes V amplitudes of 0.6 and lower (see Fig. 6 ), similar to the ratio of effective Landé factors of the two lines, characteristic of the weak field regime. The inversion of those lines infers a field strength of 500 to 1000 G depending on the model atmosphere. Simultaneously the Mn line, despite the lower S/N ratio, shows a conspicuous anomalous spectral feature, confirmed in its nature by the narrower Zeeman lobes and the stepper slopes towards the zero crossing. The profile shape of the line is even more conspicuous when it is compared with the Fe i line at 553.93 nm, which displays a similar g eff and Stokes V amplitude. Altogether the Mn line points towards a field strength well below the 600 G threshold, and therefore confirming the weakest fields retrieved in some of the inversion schemes, though not the strongest ones. The fluxes fall in this case below 20 Mx/cm 2 , and this for both Fe lines, corresponding to an enhanced internetwork which is, nevertheless populated by a clear predominance of fields below 600 G. The low spatial resolution of the image smears the conclusion, but the fact that this is a magnetically-enhanced internetwork with nevertheless intrinsically weak fields is difficult to arrange with the presence of kG fields of zero average over our resolution element. If any, the weaker fields are more easily affected by the presence of random polarities, and not the strong and hypothetically more buoyant kG fields. We conclude therefore that the absence of kG fields in these profiles is not just a coincidence.
The agreement among lines fully disappears in the case of the middle profiles of Fig. 5 . They have been picked around 3 To get this estimate on the magnetic flux, we have made use of the magnetograph formula on the Fe i line at 630.25 nm but also on the Fe i line at 553.85 nm. This latter line lies close to the Mn line and is made of a perfect blend of two transitions. The resulting effective Landé factor was unknown, but we measure it, for low fluxes, to be 1.25. For high fluxes it appears to differ from this value and the two measurements differ. the point at 10 arcsec. The even lower S/N makes identification trickier, but from the full slit image in Fig. 1 it should be obvious that the anomalous spectral feature placed at the correct wavelength and with acceptable amplitudes is not the result of any residual fringing or noise, something which is the origin of similar amplitude features observed on the continuum wavelengths. The narrower Zeeman lobes and the stepper slopes once more come to support the identification of the anomalous feature, which is finally confirmed by the inversions presented at the end of this section. Once more the Mn line points toward fields below 600 G. Simultaneously the Fe lines show an amplitude ratio around 0.9 corresponding to the saturation regime and traditionally identified with strong fields. All the inversion schemes produce field strengths of 1200 G, in full agreement with the ratio of amplitudes, and in full disagreement with the Mn line. The flux density places these profiles again in a magneticallyenhanced internetwork region.
More generally, we can compare, for all points along the slit, the field strength produced by the inversion of the Fe line at 630 nm with the ratio of amplitudes of the Zeeman lobe and the hyperfine spectral feature. In Fig. 6 the latter ratio is plotted for those points where it can be detected. Those points for which the profiles show a normal antisymmetric shape are given an ad-hoc ratio of 6. The dashed lines in the plot show the lower and upper limits of the ratio for an Mn atom in the weak field regime. The lower limit is actually set by the atomic structure of the Mn atom and the particular geometry of the observations, while the upper limit marks the boundary of the passing into the Paschen-Back regime and, therefore, the kG fields. Next to this plot we produce a plot of the ratio of Stokes V amplitudes in both Fe i lines at 630 nm. This ratio has traditionally been considered a proxy of the field strength (e.g. ). In the weak field regime two lines identical except for its effective Landé factor should show a ratio corresponding to the ratio of their effective Landé factors. The Fe i lines at 630 nm are not strictly identical, but a ratio of amplitudes of 0.6 is traditionally considered to be proof of weak fields. Such a ratio is found near the top of the slit (12 arcsec and higher) coinciding with the lower field strengths retrieved by the inversion code in the scheme where temperatures are set free and independent in the two atmospheres, and also coinciding with the Mn profiles producing a clear hyperfine feature, signaling fields below 600 G.
For points below 8 arcsec the ratio of the Fe lines ranges from 0.8 to 1, and is traditionally considered as the result of magnetic saturation and strong fields. For the lower 2 arcsec the Mn agrees and produces an antisymmetric profile, signature of atoms in the Paschen-Back regime and, therefore, with field strengths above 800 G. But for the positions 2 through 10 arcsec, the Mn line shows up the hyperfine spectral feature with ratios corresponding to fields below 600 G, while the Fe lines continue to show field strengths of kG and ratios above 0.8. Since we know from the previous section that the inversion algorithms can be forced to produce solutions for the Fe lines with weak fields while maintaining the σ values, we should trust the constraints on the field strength provided by the Mn line. In conclusion, we can assert that the Fe lines are not carrying binding information on the intrinsic field strengths on these regions (covering 8 out of the 15.5 arcsec observed), mostly placed in the internetwork regions.
While we are confident on the significance of the ratio in the Mn line, it is obvious that eventually we should rely on true inversions of the Mn line. In Fig. 8 we show the very first inversions of the 3 profiles selected to illustrate the differences between the Fe and the Mn lines. The inversion code is a very simple one, based on PCA techniques (Rees et al. 2000 ; López Ariste & Casini 2002) and relying on a Milne-Eddington atmosphere. The description of the code and its performances is left for a future paper, but we found important to stress that solutions are found for the observed profiles and that the spectral feature on which we are basing our arguments is checked in position and amplitude by those solutions, and therefore confirmed in nature. The field strengths found by the inversion code (1600, 580 and 160 G respectively) fully agree with our main conclusions.
Conclusion
We have analyzed simultaneous spectropolarimetric observations of the quiet Sun made with the traditional Fe i lines at 630 nm and the Mn i line at 553.7 nm. The latter is characterized by its strong coupling with hyperfine structure and as a consequence, the Stokes V profiles change shape with the intrinsic field strength. The field strength in the quiet sun has traditionally been inferred from the ratio of Stokes V amplitudes in the pair of Fe lines (e.g. , as well as from inversion codes including temperature stratification . It is clearly shown now that the result of both methods (ratios and inversion algorithms) applied to real data is biased towards kG fields. The co-spatial and simultaneous Mn line shows field strengths that do not always agree with the Fe lines analysis, resulting in a much broader predominance of hG fields in the internetwork of the quiet Sun. The bias is confirmed when we produce inversion solutions with field strengths of 300 G, agreeing with the constrains imposed by the Mn line, and fitting the observed Fe lines as acceptably as the strong field ones. The identical values for the σ confirm the goodness of both fits.
The Fe lines carry therefore no binding information on field strength, at least in the conditions set by the internetwork quiet Sun and our observations. One possibility is that the actual spatial resolution of the observations is too large compared to the scale of the magnetic features. In that case, since the longitudinal flux is correctly measured from the Fe lines, the strong field strength retrieved from the inversions of the Fe lines would just be compensated by a smaller filling fraction. One could therefore conclude that, by improving spatial resolution until the filling fraction approaches unity, the problem would be solved. However, the observed line-ratio values, at first order independent of the filling fraction, cannot be easily reproduced by a simple question of spatial resolution and filling factor. To our minds they point towards a fact also arising from the numerical simulations (Martínez González et al. 2006b ): the thermodynamics of the Fe lines manage to get entangled with the field strength. We foresee that independently of the spatial resolution of the observations, it will be seen that the Fe lines at 630 nm carry no binding information on field strength. To retrieve this information one should rely therefore on lines in the near-IR or on lines like the Mn line that we analyzed in this work. The absence of information on field strength, does not mean that the 630 nm lines suddenly lack of any interest for solar magnetometry. It just means that our comprehension of the solar magnetism should necessarily pass through the simultaneous and co-spatial observation, and the subsequent coherent analysis, of the many lines in the solar spectrum sensitive to the magnetic field (Semel 1981) .
